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Abstract 
A flexure based compliant parallel (4-bar) mechanism for linear translational motion actuated via a precision slide has been 
proposed. Due to the flexures a miniaturised mechanism is possible overcoming the limitations of rigid link mechanisms.  In 
addition since a compliant mechanism has a monolithic structure no assembly is required. The compliant mechanism is designed 
using Pseudo Rigid Body Model (PRBM) approach and results obtained are compared with finite element analysis. An 
experimental setup is developed incorporating a microslide as an actuator for 4-bar compliant mechanism and displacement is 
measured using 3D optical profilometer. The performance of the compliant parallel mechanism demonstrated by experiments 
validates the simulation results and hence PRBM results. The effect of point of motion actuation on performance of mechanism is 
also investigated. 
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1. Introduction  
A four bar chain/mechanism is a proven mechanism which can effectively transfer the input motion in parallel 
direction and can be used for typical applications such as microstages, slides etc. 
Nomenclature 
  b thickness of mechanism  
  r  radius of flexure 
  t neck thickness of flexure 
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Compliant Flexure mechanisms can result into long service life while avoiding the stress concentration. One of the 
typical advantages of Compliant Mechanism is to attain precise displacements and flexibility to obtain motion in 
desired direction (2005). Compliant mechanisms are free from backlash and require least lubrication (2003). The 
Compliant mechanisms are designed to derive expected mobility from the elastic deformation of flexure hinges and 
hinge design is a critical aspect. The models for Compliant Mechanisms can be established considering either whole 
mechanism as compliant/flexure (distributed compliance approach) or by replacing rigid links (pin joints) by flexure 
hinges while members are kept rigid (lumped compliance approach). Kota S. et al, (2005) and Lobontiu N (2002) 
discussed a flexible means of connecting parts using large-displacement compliant joints. Flexible joints utilize the 
inherent compliance of a material rather than only restraining such deformations. Jiaguang L. et al, (2006) explained 
the design of compliant mechanism by the kinematic synthesis approach based on the traditional rigid-body 
kinematics using PRBM, where the design is firstly performed by synthesizing a rigid-body mechanism, and then the 
flexibility is introduced with flexure hinges. Baker S. and Howell L. (2002) advocated use of PRBM for designing 
compliant mechanisms in which the flexures are replaced by the torsional springs having equivalent stiffness so as to 
treat the mechanism as a rigid body mechanism in order to simplify the design methodology while Lyon (2003) gave 
the general PRBM for a four bar mechanism with unequal link lengths. Madhab G. B. (2007,2010), gave the 
formulation of a PRBM for a Compliant Micromanipulator and obtained the relation for the input force and 
displacement which is used as basis in present research. Mehdi Rezaei (2006) also presented PRBM for the 4-Bar 
mechanism in which one link is flexible indicating a typical case of distributed compliance. Smith (2000) mentioned 
the equivalent torsional stiffness for the circular flexure hinge about Z-axis. PRBM and simplifies the equation 
between input force and resulting displacement. This paper represents development of PRBM and validation using 
simulation and experimental method for a compliant 4-bar micromechanism which can be helpful in typical 
industrial applications. 
 
 
2. PRBM for Compliant 4-bar Mechanism 
While carrying out the PRBM analysis of a 4-bar compliant mechanism, the hinges (flexure) in Fig. 1 (a) are 
replaced by torsional springs as shown in Fig. 1 (b). The input force (Fin) causes horizontal deflection (X1), which 
deflects the hinges by very small angle ∆θ. 
 
(a) Compliant form 
 
(b) PRBM 
Figure 1 4-bar mechanism 
Using energy equation the relation between input force and resulting displacement is obtained as 
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The equation (1) can be rearranged in terms of displacement as 
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The relevant dimensions considered for analysis are : b =1 mm, t =1 mm and   r = 1.5 mm, and OA = 39.35 mm. 
FEA analysis was carried out for the compliant 4-bar mechanism considering plain carbon steel (E = 2x105 N/mm2), 
and PRBM analysis for a Pseudo Rigid Link 4-bar mechanism and the results are illustrated in Table 1. Carbon Steel 
is selected as the material for four bar compliant mechanism due to the inherent spring property. The springing 
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action stores the strain energy and is useful for self-retraction of the mechanism. Detailed displacement analysis for 
motion transfer has been carried out and the resultant magnitude of motion is similar to the input. The percentage 
error (in input displacement by PRBM and FEA) throughout the analysis is almost constant irrespective of change in 
magnitude of force; indicating correctness of the model and methodology adapted. The various displacements using 
FEA, PRBM and Geometric Amplification are obtained and cited in the Table 1. 
                                 Table 1 Resulting displacement 
Force 
(N) 
X1 PRBM 
(mm) 
X1 Simulation 
(mm) 
X2  Simulation 
( mm ) % Error 
0.1 0.0034 0.0032 0.0032 4.5118 
0.2 0.0067 0.0064 0.0064 4.5118 
0.3 0.0101 0.0096 0.0096 4.4123 
0.4 0.0134 0.0128 0.0128 4.5118 
0.5 0.0168 0.0160 0.0160 4.5118 
0.6 0.0201 0.0192 0.0192 4.5118 
0.7 0.0235 0.0224 0.0224 4.5118 
0.8 0.0268 0.0256 0.0256 4.5118 
0.9 0.0302 0.0288 0.0288 4.5118 
1 0.0335 0.0320 0.0320 4.5118 
2 0.0670 0.0640 0.0640 4.5118 
3 0.1005 0.0961 0.0961 4.4123 
4 0.1340 0.1280 0.1280 4.5118 
5 0.1676 0.1600 0.1600 4.5118 
6 0.2011 0.1920 0.1920 4.5118 
7 0.2346 0.2240 0.2240 4.5118 
8 0.2681 0.2560 0.2560 4.5118 
9 0.3016 0.2880 0.2880 4.5118 
10 0.3351 0.3200 0.3200 4.5118 
Fig. 2 indicates the comparative representation of Input Force Vs displacement using PRBM and FEA model 
developed; and the resulting displacements predicted are in close agreement. 
 
Figure 2 Input Force Vs displacement 
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The resultant displacement for a force range 0.1-0.1-1N and 1-1-10N is obtained by simulation and is represented 
in Fig.3 (a) and (b) for extreme load conditions (0.1N and 10N). The displacement plot shows that the upper link AB 
is showing uniform motion transfer. 
 
(a)  Force 0.1N                           (b) Force 10N 
Figure 3 Displacement plot using Simulation 
3. Experimentation of Compliant four bar mechanism 
In continuation, rigorous experiments are carried out in order to compare the analytical and simulation results for 
compliant four bar mechanism. The input motion is provided via a precision actuator (a microslide) on the basis of 
the displacements obtained via simulation results and the output was recorded using a 3D Optical Profilometer. 
                                    Table 2 Observations during trial  
Input Displacement 
(μm) 
Output displacement by 
Simulation (μm) 
Output displacement by 
Experimentation (μm) 
40 40 58 
80 80 84 
120 120 106 
160 160 153 
200 200 184 
Table 2 gives the detailed results during trials using compliant 4-bar mechanism made up of Carbon steel for 
displacement (40-40-200 μm) provided at the input link and corresponding output displacement was observed. It is 
observed from Fig.5 that simulation results are in close agreement with the experimental results. 
 
Figure 4 Results: Experimental and Simulation 
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4. Discussion 
The experimental results for output displacement of a compliant 4-bar mechanism are illustrated in Table 2 by 
applying the input force/displacement at point ‘A’ as illustrated in Fig.1. An investigation into effect of point of 
application of motion on resulting displacement is undertaken. In simulation, the input force is applied at various 
points on link ‘OA’ from point ‘A’ towards fulcrum point ‘O’ and minimum resulting displacement is observed at 
point ‘O’. The simulation results are in tune with plot Fig.3 which illustrates the zone of ‘Blue’ colour representing 
nearly zero displacement. The displacement increases and is maximum at the upper link ‘AB’ represented by ‘RED’ 
colour. The deflection of flexures at point ‘O’ and point ‘C’ is very small (Blue colour) and hence flexure at point 
‘O’ and point ‘C’ can be eliminated for the considered force range.  
 
Figure 5 Undesired displacement 
Displacement of upper link ‘AB’ for intermittent positions is parallel to the fixed link ‘OC’ however plane of 
traverse is not parallel to the base link ‘OC’. An undesired displacement in Y-direction is observed as illustrated in 
Fig.5. For the force range of 0.1N to 10N the travel of input link ‘OA’ and output link ‘BC’ is observed by 
simulation and found to be parallel to each other. 
This mechanism is found suitable for applications involving parallel motion transfer between the input link ‘OA’ 
and output link ‘BC’. The compliance of flexures has resulted into moving the link ‘AB’ towards the base link ‘OC’ 
marginally and hence this mechanism can be found suitable for stage of typical application which needs some 
pitching motion. For a different force range, parallel motion transfer of upper link ‘AB’ with respect to the base link 
‘OC’ needs to be investigated.  Upper link ‘AB’ may be confined to give a parallel line motion however will result 
into restricted range of motion and stress at the flexures can become a critical issue. 
 
5. Conclusion 
A Displacement Model for Compliant 4-bar mechanism has been developed using PRBM and verified using 
simulation. PRBM simplifies the design of the compliant mechanism where the flexure is replaced by equivalent 
torsional stiffness of the hinge and the mechanism is modeled as a rigid body model. Use of the classical rigid body 
equations (such as energy equation) on proposed PRBM makes the design and analysis simple. Simulation trials 
have also reduced the number of prototypes to be manufactured and tested. The experimental results obtained in 
current work validate the importance of combination of PRBM and FEA techniques in analysis for compliant 
mechanisms.  
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